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ABSTRACT

A 3-dimensional phase diagram is introduced to describe the dependence of the RHEED
pattern from GaAs(l 11)B surface on growth conditions. The 2x2, transitional(lxl ), and .
~19x@9 surface reconstructions correspond to different zonea in the phase diagram. A
equation is given for the planes that separate +.hese zones, which fit experimental data well.
Homoepitaxial films on GaAs( 11l)B grown in the 2x2 region generally have bad crystal
quality as determined by the ion channeling, and growth in the ~19xY19 region generally
yields rough surface morphology. At higher substrate temperatures (- 650 “C), featureless ‘ “
films with minimum ion channeling yields of less than 4% are achieved,

INTRODUCTION
,

Recently, more attention has been paid to the epitaxial growth cm CaAs( i 11) substrates

because the (111 ) orientation hsa several special properties. lnGaAs/GaAs strained-layer ,-
superlattic~ (SLS) on GaAs(111) substrate h.we been predicted to have large linear elec-
trooptic coefficients due to the strong piezoelectrically generated internal electric field. [1] “i’
Experimental studies on the optical properties of (100) and (11 I ) oriented GahAs/GaAs
SLS have provided the evidence that agrees with the prediction, [2] In addition, Caridi ct
id, have fabricated p-i-n diodes grown on GaAs(111)B substrate by molecular beam epitaxy
(MBE), with InGaAs in the intrinsic region. Photoconductivity spectra of such diodes show
a blue shift of the quantum well band edge under reverse bias opcration[3]. All this work indi-
cates the possibility of fabricating novel ckctro-optical devices with n strong built-in electric
fkld. High quality cpitaxial films on GaAs(l 11) are crucial for turning thin pnmibility inh
reality, Unfortunately, current undcrstnnding of epitaxial growth on the GaAs( 111) fiurfmw,
ill comparison with that on GAAs(100), is poor and incomplete t.)ccnusc oI~ly m ‘imitcd nunl -
Iwr of studies hmvc ken dmc m far, Ihth homrmpitaxial and hetcrocpitaxial films grown ml
( ;mAs(11 I) II, lnAs( 1I 1)11, and lnl’(111 )11 usually show rough surfmw morphology, often Ex-
hibiting threefold pyramid, tcrracc, and other types of dcfcctg. [4,5, (i,i] Ilmyalmwa et ml, lmv(~
rcporkl WC achicvcmcnt of spmwlar surfncc on (laAm MI.I AIGaAs films grown at 720 ●(;
m 0,5° disoriented GaAs( 111)11 substrate at by Mtl E, Further, they showed tlmt (11 1) ori-
ented single quantum wells (SQ W) have photoluminescence ( 1’1.) intensity shout one order
Inngnitudc higher thim ( l(.)(l)orimtcd SQW, [81The threshold current density of the ( 1I I )11
[mimtml qunntutll wdl Iwwr IS (~xtrPIII~Ily Imv, [!l,!)] Mo~t rcrrntly, Iii),w)til cl{*ll~oilstrilti*(l tlliit
,\I(;iit\s Inym with featurrlm surfnw Inorphology can lJc grown tm (}11-ilxis( I I I )11~Jritvltwl
( l;lAs At leillprralllros ,IY hnv its W)() 0( ~ !Iy illiKrati(J1l-!lll]lnll(:t’(l q)itaxy ( hi I;];),[ ] ] I III llli~

l}iil)rr, wr rq)(wt, tl)~’ SII{XWIS(III t~l)itiixinl ~!rtwt,h of ( ;iiAs lilll~~ with ftmt,llrc~l(w sIIrfiI{xw t)II



exactly (11 1)B substrates by MBE. The dependence o{ RHEED patterns of GaAs(111 )B
surfaces cm the growth conditions is presented in a thr-dimermional phase diagram. Ion
channding characterization is also presented.

EXPERIMENTAL

All film growth studica were done in a VG90 MBE system. Reflection high energy
electron diffraction (RHEED) of 15keV was used. Growth rates were between 0.3 pm to 0.5
pm per hour. The thickness of all deposited films waa about 0.5 pm. Initially, an AS4 source
was used for the RHEED pattern studia and the low temperature (from 480 “C to 560 “C)
growth studies. Afterwards, an Asa murce was installed into the deposition chamber. At a
substrate temperature of 560 “C and As to Ga flux ratio of 40, no significant differences in
film quality (in terms of surface morphology and ion channeling results) were found betw=n
the films grown with Asa and Asa. Comparative studies of Asa and As2 for the (111) films
at other growth condition are on going.

RESULT AND DISCUSSION

The GAs(ll l)B surface exhibits three types of reconstruction: 2x2, transitional 1x1),
or <19x< 19, depending on the growth conditions. If a 3-dimensional phase diagram is
constructed, with substrate temperature, arsenic flux, and Ga flux u the three parameters,
then the 2x2, transitiona.l( lxl), and ~19x~19 RIIEED patterns \vill correspond to three
distinct zones. The planes that separate the different surface reconstruction zones in the
diagram (called separation planes h’:re) can be approximately rcprcscntcd by

C, F~, C2eSp(-E/&T)-lrG. =0, (1)

where F’c. and FA, arc the Ga and As IIUXCS,rcspmtively, E is the activation energy, k is
f.loltzmann’s constant, and T is the substrate temperature. Cl is the sticking cocflicicnt, and
C, is a coefficient that is related to As dcsorption, The equation wa.. ohtaincd hy assuming
that the separatiml planes arc c{~(,i-ars(’l]ic-c(~vcragc planes. E, Cl, and (;? Cilll he dctfwnincd

rxperimcnta]ly. (;l and (;? m? a!!stlmc~l 10 l){?r~liit(d to the surface iLrS4!lli C cmx’rqqs I)y

(:,+1-O), (2)

(am]

(:, =he, (3)

\vhcrc 0 is the nlmmalizcd arwmic surffirc covcragc, a and h are the constimls. Ily choouing
cxp(IJ/k T),lJ~,, and F(;. ~withe thrrc varial.lwi for the phase (Iiagralll, Eq,( 1) rv])rwwnts

‘Ii I’ig, 1, the Iowc; phuw roprrsmlls tlw growt.11planm, as oppmwd to Intro’ roniplex sllrfncm. ,
rumlitions ftt which the hnlf intcgrr lilw:l (ill[licativr of :Iw 2x2 r{’t’ollslrllt.tif)ll) I}ftlw 1{1[Ititl)
Imttcrli just (I)lllpl(”t(’lv tliSii[)lN’ill , dIItl 111(1Ill)p’r I)li\li(’ rqmwnts tlltg }\I’(nvl,lI l“cm(litit)l)s ;11

whicl) tllc Iincs that corrmpoml to ~lox~l!) ri’~”[)listrllc:tioll jllst i~l)l)(~~r, Altl IOIIglI iisilig ii :1
dimensional diagranl to illudrntr t h d[!pdt!ntw of lUi KEI) pattmm (JII grmvtll t“oll{i~tiolls

is more involved than the convcntimml flux ratio vrrsue substrate tcmpcrat.urc p10t[4,11 ], it
giww a more complete dcscriptiml. In Fig, 2(R), \vOfitted the equatiou with our oxprrif]wntml

(Ifitad found I!=2,5WV, ‘I*IIvvnlum ~lf (;I aml ( ~T(Irtmnlintd frtml otlwr plot.~ iii l“i~,
1 ilro I.72x lo--J nml ~).’lxl(l~”(III 7S 1 rmlwr!.ivt’ly for lilt’ h)\vvr l~lnlw, iiIIIl 3.(ix 103 :111(1

I .,”)x I () ’9(’111 ~s ‘ l(vilwcti\’vly ftn I IN*111)1MOr l)liIt IIs. lpllrlll(*rill(}l{’, IV(*l’ill(”llliit(sll II [IX)lll tll!’
f’;IIIIfIH Of (;l {I II(I ( ‘T I)v Ilsillg 11:11, (t!) ;IIIII I’hli (:1). ‘!’lw \’nllw (J 0 is [),!) 1’01” t,l ItI ltIIV4T l)l,i IIP

.111(1 ().~r) fol 111(’Ill)[)t’1 [)lilll(’. ‘1’llf’!tl’ 1’.1111(’!4 ill’1’ I 111S1’ t~l l.ll(- 11’SIIII.N !)1 111{” ‘il.lllllt’!i Ii\’ :\ll)r,t’l’
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Fig. 3, lle minimum ion channeling yield for
h GUAS(11 l)B homocpiuuial films grown at
different subsaatc tempcrsarms.

(a)

(c)

Fig. 4. l?fEEIl patternof G- (III)B fi~
growing at 480 “C,0,3@our, and flux ratio.
40.

I:iu.5,OINlcd microgmphs for [he UaAs (II1)B films tirown at difkrcnt tcmpctnturcs and sub-b (~~+
(b), ml (c) am the surtbcesot Illms gmw(t on on-axis ( I I 1)11substmlm IN4M) T, 55Q “C, ond 590 ‘{’
(V$IWC!IVCIY. (d) is thewdncc d the t’ilm grvwn on a (11 I )!1 subslmtn 4* olf tnward [110] dlrwtnnt,



electron spectrmcopy.[12J
Several undoped GaAs homoepitaxial films were grown at growth ratea between 0.2Pm

and 0.5flm, flux ratios between 30 and 50, ad substrate temperatures ranging horn 48o “C
to 650 “C. The minimum ion channeling yield ~~im at an ion energy 2 MeV, for samples ‘

grown at different substrate temperatures, is shown in Fig. 3.
At low temperatures (from 480 ‘C to 520 “C), the RHEED pattern shows a 2x2 recon-

struction. A few minutes after the deposition. several streaks that are not perpendicular to
the shadow edge appear as shown in Fig. 4, indicating surface facet formation. If the sample
is snnealed at a temperate of -600 “C, th- facets lines will vanish. The surface looks
shiny, but close inspection with optical mimosco pe shows high density of surface defects of
size - l~m. as shown in Fig. S(a). The ~~im for these samples is large and no excitonic peaks
\vere observed in the photoluminescence (PL) spectrum.

In the substrate temperature range from 540 “C to 600 “C, the RHEED pattern shows
/19x~19 nxonstruction during the growth. Ion channeling results are much improved for
this temperature range. Excitonic peaks are detected in the PL spectrum at 10 K, as shown
in Fig. 6. However, the surfaces are very rough. The films exhibit three-fold pyramids on
the surface, as shown in Fig. 5(b) and Fig. 5(c) which were also found in homoepitaxial
InAs films[5]. The pyramids’ b~, but not necessarily their heights, become larger as the
substrate temperature goes higher. This could indicate that the pyramids are caused by
insufficient surface mobility, instead ot’surface carbon contamination. as believed previously.
The planes of the pyramids are no more than S0 tilted from the substrate surface. according
to laser light scattering experiments, a phenomena also ohservcd hy Sugi yama[5]. The films

‘~”,and 4“ off toward [110], and 2“ olf toward [100]) exhibitgro\vn on tilted substrates (1”. -
saw-u>oth waw Il]orphology, ,W shown ill Fig, h(d).

1.0= P
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to carbon impurities. X-ray diffraction results also indicate good crystal quality. lnGaAs
films can not be grown at 640 “C because of the etrong indium reevaporation[13]. Even
with high In flux during the growth, Rutherford back scattering (RBS) shows no iridium
concentration. However, the growth of GaAs at this temperature is confirmed by a a~ially ‘
designed experiment. In this experiment, the thickness of a GaAs film grown at 64@“Con a
buried lnGaAa layer is measured by RBS technique. The measured thickness indicates that
the growth rate at 640 “C is not very much different from that at low temperature.

CONCLUSION

A new way of presenting surface wxmstruction phase diagram has been introduced.
The diagram gives a complete description of the dependence of the RHEED pattern on the

growth conditions. The equations of the planes that separate different phase zones in the
diagram are given. The planes are approximately equi-As-coverage planes. Growth in the
2x2 reconstruction region generallyyield poor crystal quality (as indicated by ion channeling)
even though surface of the epitaxiai layer !ooks shiny. Growth in the /19x#19 reconstruction
regions yield pyramid surface morphology. fly going to higher temperatures (-640 “C), good
surface morphology along with high crystal quality are achieved.
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